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Abstract 
Marine environments require monitoring to determine the effect of climate change, human 
development, pollution and conservation measures.  Marine protected areas are being 
established globally and require periodic monitoring to determine whether their objectives are 
being met. Baited underwater video systems are becoming a popular method for monitoring 
change within protected fish populations, because they are less damaging to habitats than more 
established methods such as bottom trawling and allow for more statistical powerful relative 
comparisons and to determine spatial and temporal patterns and trends in the relative 
abundances, lengths and biomass of demersal and pelagic fishes.  However, much remains 
uncertain about how interactions between the fish and bait and between the fish themselves 
affect the results obtained. Agonistic behaviours are frequently observed around the bait of the 
camera and potentially bias fish density estimates by altering the number and size classes seen 
at cameras. Here we counted the number of agonistic behaviours between pink snappers 
(Pagrus auratus), the size of fish involved and whether the fish left the field of view following such 
behaviours. The study consisted of 20 baited underwater video deployments inside a New 
Zealand marine reserve and 20 in adjacent open areas, providing a large range of fish densities. 
We observed a significant relationship between the peak number of fish observed at the camera 
and the total number of agonistic behaviours, as well as the number of both aggressor and 
subordinate fish leaving the camera field of view following interactions. The slope of the latter 
relationship and thus the absolute numbers of fish leaving were higher for subordinate fish. As 
subordinates were significantly smaller than aggressors the apparent size frequency distribution 
is likely skewed away from smaller size classes. The staying time of the fish and thus the 
maximum number of fish present at the camera will be reduced by agonistic behaviours and the 
absolute magnitude of this effect appears to be greater at high fish densities. Our results suggest 
that an overall effect of these phenomena is to underestimate the differences in abundance 
between MPAs and open areas, but also to overestimate differences in average size. 
Introduction 
Marine coastal areas are increasingly being subjected to anthropogenic disturbances 
(Marinesque et al. 2012). To reduce these pressures and slow the resultant loss of marine 
biodiversity the parties to the Convention on Biological Diversity (CBD) agreed to aim for “at least 
10% of each of the world’s marine and coastal ecological regions effectively conserved by 2020” 
(Fox et al. 2012). One tool to reach these conservation aims is the establishment of marine 
protected areas (MPAs); defined by Kelleher & Kenchington in 1992 as "an area of intertidal or 
sub-tidal terrain, together with its overlying water and associated flora, fauna, historical and 
cultural features, which has been reserved by law or other effective means to protect part or all of 
the enclosed environments". In response to the CBD and other agreements MPA networks are 
being developed globally to help conserve marine ecosystems (O'Leary et al. 2012). 
In some MPAs it is hoped that protection from fishing pressures will allow targeted species to 
recover, increasing in abundance and achieving more natural size frequency distributions (Willis 
et al. 2003; Jennings 2009). Therefore, it is important that fish populations inside MPAs are 
monitored to determine whether these management objectives are being met (Watson et al. 
2005). In temperate regions the monitoring of fish populations is often conducted via trawl 
surveys which can provide detailed data on the size, age and abundance of fish assemblages 
(Cronin et al. 2012). Bottom trawl surveys are considered inappropriate in MPAs due to their 
destructive nature and are impractical in many nearshore areas owing to shallow depths and 
obstructions on the sea bed (Fernandes et al. 2003). The development of further non-destructive 
methods to survey inshore fish populations has been recommended and remotely operated 
camera systems are a possible solution (Ellis & DeMartini 1995, Cappo et al. 2001, 2003 and 
2006). 
Baited underwater video (BUV) cameras are now widely used in the assessments of fish 
biodiversity, relative density (Watson et al. 2005; Heagney et al. 2007; Malcolm et al. 2007) and 
stock size structure (Harvey et al. 2002; Willis et al. 2003; Willis & Millar 2005). The increased 
attraction of carnivorous fish to the BUC makes it less likely to produce low or zero abundance 
estimates allowing for more statistical powerful relative comparisons and to determine spatial and 
temporal patterns and trends in the relative abundances, lengths and biomass of demersal and 
pelagic fishes (Willis et al. 2000, Wills and Babcock, 2000, Stoner et al. 2008).  BUV have been 
used to monitor fish populations within several MPAs; and have recorded an increase in coral 
trout abundance (Plectropomus leopardus) in deep reef areas of the Great Barrier Reef (Cappo et 
al. 2012) and the response of reef fish assemblages to protection in Western Australia (Harvey et 
al. 2012). 
As well as abundance estimates BUV cameras also provide insight into the behaviour of fish and 
in particularly the behaviours performed during foraging (Jamieson et al. 2006). BUV surveys 
have allowed both inter and intra-specific agonistic behaviours between fish to be observed 
(Armstrong et al. 1992; Jones et al. 2003; Cappo et al. 2004, 2007; Farnsworth et al. 2007; 
Stoner et al. 2008) and some studies have highlighted the possibility that fish may be 
discouraged from approaching a BUV by the presence of another fish (Jones et al. 2003). These 
studies have suggested that fish commonly avoid competition (Willis et al. 2003) or predation by 
larger or more aggressive individuals around the camera (Lampitt et al. 1983; Cappo et al. 2004, 
2007; Harvey et al. 2007). It has been speculated that this could result in large size cohorts 
dominating and becoming overrepresented in BUV data at the expense of non-aggressive 
species, sizes and trophic groups (Stoner & Ottmar 2003; Harvey et al. 2007; Malcolm et al. 
2007; Stoner et al. 2008). In general, the attraction of feeders to a spatial concentration of 
resources can promote an increase in agonistic behaviours; behavioural adjustments associated 
with fighting including attack, escape, threat, defence and appeasement (Scott & Fredericson 
1951). This has been documented in dominant convict cichlids (Cichlasoma nigrofasciatum) 
(Grant & Guha 1993) and Harris sparrows (Zonatrichia querula) (Rohwer & Ewald 1981) both 
defending clumped resources. 
The potential impact of agonistic behaviours on the number of fish observed by the BUV, 
however, has not been quantified or examined in detail. Video observations of American lobsters 
(Homarus americanus) within traps found that larger lobsters excluded smaller individuals from 
entering and that agonistic behaviours between individuals had the greatest impact on the 
lobsters caught per unit effort. Lobster population estimates from these observations inside 
lobster traps would falsely conclude that they contained a much higher proportion of large 
individuals (Jury et al. 2001). 
To appreciate the impact of the number of fish at the camera on the number of agonistic 
behaviours and leaving events a range of population densities with the minimum of differences in 
habitat, species composition and climate should be studied. Such local variation in fish population 
density can be found by comparing successful marine reserves to nearby open areas. 
New Zealand was one of the first countries to establish a MPA network and now supports some 
of the world’s oldest marine reserves (Denny et al. 2004; Marinesque et al. 2012). Cape Rodney 
to Okakari Point Marine Reserve (CROP), fully established in 1977, North Eastern Northland (Fig. 
1) (Willis & Babcock 2000; Sivagura 2008) is the longest established reserve in New Zealand and 
has been extremely successful in the recovery of the snapper (Pagrus auratus). Snapper 
population in CROP were the first to be monitored using a novel remote BUV camera system 
(Willis et al. 2003; Willis & Millar 2005) which has recorded a higher number of individuals above 
the legal minimal catch limit (fork length > 270 mm) inside the reserve compared to outside 
(Babcock et al. 1999; Willis & Millar 2005). Surveys in 2003 recorded 27.7 times more snapper 
inside the reserve which was a significant increase from the previous surveys in 2001 and 2002 
which recorded 10.39 and 12.81 more individuals (Taylor et al. 2005; Sivagura 2008). One 
reason for reserve establishment was to improve the spawning stock biomass of the populations 
through an increase in larger individuals that represent the reproductive element of the population 
(Willis et al. 2001). 
The characteristics of the CROP provides an opportunity to quantify agonistic behaviours and 
their possible effects on estimates of snapper relative density between reserve and adjacent non-
reserve areas. We quantified the number of agonistic interactions between snapper in BUV 
deployments inside the reserve and in adjacent non-reserve areas. Interactions could affect 
relative density estimates if they cause fish to leave the camera field of view therefore we 
examined how often fish left the camera field of view following an interaction. We predicted that 
the number of agonistic behaviours would increase with the number of fish as the camera and 
that the dominance of large aggressors would lead to the non-random departure of smaller 
subordinate size classes. 
Material and Methods  
Study Area 
CROP (36°16' S, 174°48' E, n = 48), located in the North Western Hauraki Gulf, New Zealand, 
was fully established in 1977 (Willis et al. 2000). For the purpose of this survey, we broke the 
study area into 6 reserve and 6 non-reserve areas that represent the habitat variability of the area 
(Fig. 1). Within each area we randomly selected the deployment locations within the constraints 
of weather and current conditions and positioned the BUV system on relatively level bottom 
topography on soft substrate within 50 m of rocky reef habitat (Willis et al. 2003; Taylor et al. 
2005). 
We made twenty BUV deployments within the reserve and twenty at adjacent non-reserve sites, 
between May 28 and June 12, 2007, which were also part of the New Zealand Department of 
Conservation MPA fish monitoring programme. Reserve and non-reserve sites had similar 
habitats, consisting of both patchy and solid sub-tidal reefs and sand. At all study sites we made 
deployments at an overall depth range between 3 and 24.5 m. 
Each BUV camera unit consisted of a SONY XC-999P high resolution colour video camera 
mounted on a stainless steel stand 115 cm above a triangular base. We pointed the camera 
vertically downwards towards a sealed and punctured plastic bait canister in the centre of the 
camera field of view, containing 4 fresh whole pilchards (Sardinops neopilchardus) and an 
external pilchard tied to the lid (Willis & Babcock 2000). We refreshed bait between deployments. 
To reduce field time we deployed two camera systems simultaneously. Both systems used a self-
contained video camera in an underwater housing marked by a surface buoy to allow retrieval 
after a 30 minute video sequence had been recorded. The 30 minutes began from when the unit 
touched the seabed. We used no artificial light. The equipment and deployment methodology are 
described in further detailed in Willis & Babcock 2000 and Taylor et al. 2005. 
Data Collection 
We recorded the maximum number of P. auratus present in the BUV field of view at any one time 
in the entire 30 minute video sequence (Maxsna). This measure has been identified as the most 
suitable to quantify fish numbers in the BUV footage as it prevents the same fish being counted 
repeatedly (Willis & Babcock 2000; Willis et al. 2000). We developed an ethogram to describe the 
five agonistic behaviours observed between snapper (Table 1) and also described the scenarios 
under which the behaviour occurred and the possible responses of the aggressor and 
subordinate snapper. Studies that have described similar behaviours in other fish species were 
referenced in the ethogram. We used the ethogram to quantify the number of agonistic 
behaviours between snapper during each deployment. We documented whether snapper left the 
camera field of view immediately following an agonistic encounter, either as a subordinate or as 
an aggressor. Inter-specific agonistic behaviours were observed to occur, but represented only 
25.06% of agonistic behaviours and were therefore deemed to have less of an impact on snapper 
numbers than intra-specific behaviours and were discounted from the study. 
Size Categories 
We also measured the fork length of each snapper involved in an agonistic interaction using 
image analysis software SigmaScan Pro and assigned to one of 7 size categories based on fork 
length (Table 2). Fish in size category 3 or below have a fork length below the recreational catch 
limit (270 mm) and were considered juveniles. 
Data Analysis 
Maxsna, the number of behaviours and leavings are count data and are over-dispersed, a 
variance greater than the mean, therefore the effect of reserve was modelling using a 
Generalized Linear Model (GLM) with a negative binomial distribution. Data sets with more than 
50% zeros were modelled using a zero-inflated GLM with a negative binomial distribution in R 
(v2.15) using the statistical package pscl. GLMs have are particularly useful for modelled count 
data that has a non-normal distribution (Zeileis et al. 2008). 
Size class data was over-dispersed, therefore the mean size class of aggressors and 
subordinates in non-reserve and reserve deployments was modelled using a zero-inflated or non- 
zero-inflated GLM with a negative binomial distribution. 
The relationship between Maxsna and the number of agonistic behaviours and leaving events 
within reserve and non-reserve deployments was analysed using a zero-inflated or non-zero-
inflated GLM with a negative binomial regression and compared to the null model using a 
likelihood ratio test. 
Results 
The maximum number of snapper observed in a single image (Maxsna) was significantly (z- 
value = -2.19, P < 0.029) higher in reserve (mean 16.5 ± SE 0.40) than in adjacent non- reserve 
sites (5 ± 0.65). Significantly (z-value = 3.80, P = 0.001) more agonistic behaviours were 
performed between snapper in the reserve (131.11 behaviours per deployment ± SE 3.84) than in 
non-reserve deployments (5 ± 0.65). In reserve deployments, significantly (z- value = -3.39, P = 
0.001) more aggressors left the field of view following an agonistic behaviour (6.89 leaving events 
per deployment ± SE 0.29) than in non-reserve sites. Subordinates left the field of view more 
often than aggressors and the number of agonistic behaviours resulting in a subordinate leaving 
in the reserve deployments was significantly (z- value = -7.98, P < 0.001) higher (37.55 leaving 
events per deployment ± SE 1.61) than in non-reserve deployments (0.15 ± 0.03) (Fig. 2). 
The mean size category of aggressors and subordinates was significantly (z-value = 6.32, P < 
0.001 and z-value = 5.96, P < 0.001) larger inside the reserve (mean 4.89 ± SE 0.03 and 4.26 ± 
0.05) than in non-reserve sites (3.14 ± 0.05 and 3.07 ± 0.07). The mean size category of 
aggressors were larger than the subordinates in reserve sites (z-value = 4.56, P < 0.05). 
The number of agonistic behaviours increased with Maxsna in both reserve and non-reserve 
deployments (z-value = 8.39, P < 0.001)(Fig. 3a). The number of aggressors leaving the field of 
view after agonistic behaviours also increased significantly with Maxsna, but only in reserve 
deployments resulting in a significant interaction between Maxsna and protection status (z-value 
= 6.34, P < 0.001) (Fig. 3b). Subordinates left the field of view more often in deployments with 
higher recorded Maxsna in both reserve and non-reserve areas (z-value = 6.02, P < 0.001)(Fig. 
3c). 
Discussion 
This study took advantage of the well established CROP and its dense snapper population to 
determine whether agonistic interactions are likely to influence the abundance of fish observed 
via BUV monitoring systems. The number of agonistic behaviours increased with the number of 
fish present within the BUV field of view as did the number of aggressors and subordinates 
leaving events following these interactions. The number of agonistic behaviours and leaving 
events were very low at non-reserve sites due to the low number of fish observed there. In these 
areas agonistic behaviours will have a limited impact on the Maxsna values recorded by the BUV. 
In addition it is likely that there will be a reduction in the number of subordinate fish (which are on 
average smaller fish) observed in reserve areas as a result of the greater instance of subordinate 
leaving events. This effect is likely to bias results towards larger size classes, especially at 
reserve sites where higher densities occur. 
Previous studies have highlighted the possibility that fish may be discouraged from approaching 
the bait on a BUV by the presence of another aggressive, often larger, fish due an increased 
chance of competition (Jones et al. 2003; Willis et al. 2003; Cappo et al. 2004) or predation 
(Lampitt et al. 1983; Harvey et al. 2007). Guarding of the bait with agonistic behaviours by large 
aggressive individuals was observed particularly in high density reserve deployments.  Malcolm 
et al. 2007 predicted that agonistic interactions may result in aggressive individuals dominating 
the bait and being overrepresented in BUV studies and Harvey et al. 2007 expressed concern 
that this may result in a reduction in the number of fish, especially of certain non-aggressive 
species and trophic groups. 
A pattern of gradually increasing density of legal sized snapper has been observed through BUV 
surveys in the reserve between 1998 and 2002. The same level of population recovery has not 
been observed for juvenile snapper (Sivagura 2008) and this may be partly because of juveniles 
being partially excluded from the BUV field of view thus reducing their estimates. The build-up of 
numbers of fish at the camera (and thus the MAXsna value obtained) is dependent on the 
abundance of the fish in the surrounding area and their staying time (Bailey & Priede 2002). 
Agonistic behaviours reduce staying time, especially for smaller fish. 
From our examination of the agonistic behaviours occurring around the BUV it is plausible that 
more frequent agonistic behaviours exclude or remove fish from the field of view and as a result 
BUV studies may underestimate the difference in fish abundance between high and low density 
areas. The density of juvenile snapper in particular could be underestimated within the CROP 
reserve, making it difficult to determine the success of the CROP reserve on this age class, or to 
track the growth of cohorts. It is important to note, however, that agonistic interactions are not the 
only factor that may influence abundance estimates derived using BUV methodology. For 
example, the approachability of snapper to divers varies throughout the CROP reserve (Cole 
1994). “Bolder” fish that allow divers to approach more closely are more common in the CROP 
reserve than in adjacent non-reserve areas (Cole 1994) and presumably may also be more likely 
to swim under a potentially threatening object such as a large camera stand. Such a situation 
could potentially lead BUV systems overestimating the difference in fish abundance between 
reserve and non-reserve areas (the opposite of the effect described here). 
This study illustrates that the impact of agonistic behaviours and resultant leaving events on BUV 
density estimates will vary with fish population density and warrants further study to ensure that 
the method is generating accurate results of MPA success. Modelling approaches were 
developed in the deep sea to generate density estimates from BUV footage (Farnsworth et al. 
2007) and this approach is beginning to be expanded into shallow water studies. Most modelling 
approaches used to date assume independent movement and behaviour by the animals involved. 
Other studies have presented evidence that this might not be the case (Armstrong et al. 1992; 
Jones et al. 2003; Cappo et al. 2007; Stoner et al. 2008) and the effect is quantified here. 
Improved modelling approaches will provide the opportunity to estimate absolute fish population 
densities but studies such as this are essential to provide underlying behavioural information.  
Agonistic behaviours also potentially prevent fish from entering the camera field of view at all and 
the current study would not be able to assess this affect. An additional camera viewing the BUV 
and the area outside the field of view would enable information to be gathered on the component 
of the fish population potentially excluded from the survey.  
Baited underwater video systems with a horizontal view are now the most commonly used 
worldwide (Cappo et al. 2006; Harvey et al. 2012) and the vertical view system described in this 
study is generally only employed in the New Zealand Department of Conservation MPA fish 
monitoring programme. Horizontal BUV systems provide a larger field of view (Watson et al. 
2005) than the vertical BUV, allowing those fish that are chased directly away from the bait to 
remain in the field of view. However, individuals chased to the right, left or towards the camera 
will leave the field of view. This study highlights that horizontal BUV systems have an advantage 
in reducing the number of individuals leaving the camera field of view following agonistic 
behaviours. However, individuals that do move further from the bait and the camera due to 
agonistic behaviours will be more difficult to identify and measure. This study illustrates that the 
impact of agonistic behaviours and resultant leaving events on BUV density estimates will vary 
with fish population density and warrants further study to ensure that the method is generating 
accurate results that properly assess the effects of MPA implementation.  
Modelling approaches were developed in the deep sea to generate density estimates from BUV 
footage (Farnsworth et al. 2007) and this approach is beginning to be expanded into shallow 
water studies. Most modelling approaches used to date assume independent movement and 
behaviour by the animals involved. Other studies have presented evidence that this might not be 
the case (Armstrong et al. 1992; Jones et al. 2003; Cappo et al. 2007; Stoner et al. 2008) and the 
effect is quantified here. As new abundance estimation modelling approaches are developed, 
they will require studies such as this to provide underlying behavioural information.  
Conclusions 
Snapper agonistic interactions have a greater potential to affect BUV density estimates in reserve 
sites due to an increase in the numbers of subordinate and aggressor fish leaving the field of view 
at higher population densities. As smaller individuals are more likely to be the subject of 
aggressive interactions than larger fish, it is likely that the observed size frequency is skewed 
upwards as a result. Agonistic behaviours in P. auratus cause fish to leave the camera field of 
view and this effect increases as more fish compete for the bait. This effect probably reduces the 
apparent difference in population density between the CROP reserve and adjacent open areas.  
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Figure 1. Map of the Cape Rodney to Okakari Point Marine Reserve (areas 3 to 8) and adjacent 
non-reserve areas (1 to 2 and 9 to 12). 
 
Figure 2. Histogram of the maximum number of snapper observed at once (Maxsna); number of 
agonistic behaviours between snapper; and the number of aggressor and subordinate snapper 
leaving following an agonistic behaviour. All values are means ± SE for both reserve and adjacent 
non-reserve sites. (*** indicates a P < 0.0001, ** P < 0.001 and * P < 0.01). 
 
 
 
 
 
 
 
 
Figures 3a - c. Relationship between the maximum number of snappers observed at once 
(Maxsna) and (a) agonistic behaviours between snapper (b) aggressor leaving events following 
an agonistic behaviour and (c) subordinate leaving events following an agonistic behaviour within 
reserve and adjacent non-reserve sites. 
 
 
Table 1. Ethogram of agonistic behaviours between snapper (Pagarus auratus) around a baited 
underwater video system in a New Zealand marine reserve and adjacent non-reserve sites. 
 
 
Table 2. Fork length of size categories of the snapper (Pagarus auratus) observed in the baited 
underwater video camera deployments. 
 
